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REMARKS 



Claims 1, 5, 15, 41 - 43, 45 and 59 - 70 were pending in this application. Claims 59 - 66 
were withdrawn from consideration. Claims 2, 3, 4, 6 - 14, 16 - 40, 46 - 58 and 67 - 68 were 
cancelled. Claims 1, 41, 42 and 43 have been amended. No new claims were added. 

Any cancellation of the claims should in no way be construed as acquiescence to any of 
the Examiner's rejections and was done solely to expedite the prosecution of the application. 
Applicant reserves the right to pursue the claims as originally filed in this or a separate 
application(s). 

Oath/ Declaration 

The Examiner has indicated that the Oath/Declaration is defective and a new 
Oath/Declaration in compliance with 37 CFR 1.67 identifying the application by application 
number and filing date is required. The Examiner indicates that the second inventor has made 
non-initialed and/or non-dated alterations to the oath or declaration. 

Applicants submit a new oath/declaration in compUance with 37 CFR 1.67(a) under 
separate cover. 

Drawings 

The Examiner indicates that the drawings filed on August 20, 2004 are objected to 
because it appears that some of the Figures are color photographs where only black and white 
Replacement Figures have been submitted. 

Applicants refer to the Standards for drawings set forth at 35 CFR § 1 .84 which states that 
"(o)n rare occasions, color drawings may be necessary as the only practical medium by which to 
disclose the subject matter sought to be patented in a utility or design patent application or the 
subject matter of a statutory invention registration." Applicants submit that in the present 
application, black and white Replacement Figures are sufficient and color Figures are not 
necessary. Applicants have amended the specification accordingly. 
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Applicants respectfully request that the rejection be withdrawn. 

Nucleotide Sequence Disclosures 

The Examiner indicates that the appUcation contains sequences which fall imder the 
purview of 37 CFR 1 .821 through 1 ,825 as requiring SEQ ID NOs, but which are not so 
identified. The Examiner indicates that Applicant must fijily comply with the requirements of 
37 CFR 1.821 - 1.825 in order for any response to this action to be fully responsive. 

Applicants submit a sequence listing in compliance with 37 CFR 1.821 through 1.825 
and respectfully request that the rejection be withdrawn. 

Specification 

The Examiner has acknowledged Applicant's reference to priority in the first sentence of 
the specification. 

The Examiner has objected to the disclosxire for containing embedded hyperlinks or other 
forms of browser executable code that are impermissible and must be deleted. Applicants have 
made the appropriate corrections to remove embedded hyperlinks and respectfully request that 
the objection be withdrawn. 

Claim Objections 

The Examiner has objected to claim 41 for minor informalities. Applicants have 
amended the claim and respectfully request that the objection be withdrawn. 

Claim Rejections 35 USC 112, First Paragraph 

Claims 1, 5, 15, 41 - 43, 45 and 67 - 70 have been rejected under 35 USC 1 12, first 
paragraph, for allegedly failing to comply with the enablement requirement. The Examiner 
argues that "the specification, while being enabling for an in vitro method for inhibiting 
replication or transcription of a nucleic acid molecule indicative of disease state, or an in vitro 
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method for selectively treating cells comprising an infectious disease organism, does not 
reasonably provide enablement for an in vivo method for inhibiting replication or transcription 
of a nucleic acid molecule indicative of a disease state, or an in vivo method for selectively 
treating cells comprising an infectious disease organism. (Office Action, p.7). Applicants 
respectfully disagree. 

Claim 1 recites a method for inhibiting replication or transcription of a nucleic acid 
molecule indicative of a disease state, the method comprising targeting the nucleic acid molecule 
with an oligonucleotide; and, binding of the oligonucleotide to the target nucleic acid molecule; 
wherein the oligonucleotide comprises a backbone nucleic acid sequence, and two arm nucleic 
acid sequences, and wherein the backbone nucleic acid sequence is complementary to one strand 
of the target nucleic acid molecule and the arms are complementary to the other strand of the 
target nucleic acid molecule, wherein the oligonucleotide backbone has one or more mismatches 
with the target nucleic acid sequence, thereby inhibiting transcription of the target nucleic acid 
molecule. 

Claim 41 recites a method for selectively treating cells comprising an infectious disease 
organism, comprising administering to the cells an oligonucleotide sequence that is 
complementary to a target nucleic acid molecule of an infectious disease organism, the cells 
comprising an oligonucleotide sequence of an infectious disease organism; wherein the 
oligonucleotide comprises a backbone nucleic acid sequence and two arm nucleic acid 
sequences, and wherein the backbone nucleic acid sequence is complementary to one strand of 
the target nucleic acid molecule and the arms are complementary to the other strand of the target 
nucleic acid molecule; wherein the oligonucleotide backbone has one or more mismatches with 
the target nucleic acid sequence, thereby inhibiting transcription of the target nucleic acid 
molecule. 

The MPEP states that the determination that "xuidue experimentation" would have been 
needed to make and use the claimed invention is not a single, simple factual determination. 
Rather, it is a conclusion reached by weighing a combination of factual considerations: the 
breath of the claims, the nature of the invention, the state of the prior art, the relative skill of 
those in the art, the predictability or unpredictability of the art, the amount of direction or 
guidance presented, the presence or absence of working examples, and the quantity of 
experimentation necessary. In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404. Accordingly, the 
Examiner has considered the following factors in his rejection: 
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The nature of the invention and the breadth of the claims 

According to the MPEP at 2164. 05(a), "whether the specification would have been 
enabhng as of the filing date involves consideration of the nature of the invention, the state of 
the prior art, and the level of skill in the art. The initial inquiry is into the nature of the invention, 
i.e., the subject matter to which the claimed invention pertains. The nature of the invention 
becomes the backdrop to determine the state of the art and the level of skill possessed by one 
skilled in the art." 

As to the nature of the invention, the Examiner alleges only that "the instant claims are 
drawn to a method for inhibiting replication or transcription of a nucleic acid molecule indicative 
of a disease state, or a method for selectively treating cells comprising an infectious disease 
organism. . .(and) the broadness of the methods recited in the claims implies in vivo applicability 
for enablement purposes." (Office Action, p.8). The Examiner argues that "(t)he nature of the 
invention, therefore, requires the knowledge of using oligonucleotide molecules that can be 
delivered into cells in a subject (in vivo) such that transcription of the target nucleic acid is 
inhibited." (Office Action, p.8). Applicants disagree. 

Applicants submit that the nature of the invention, the state of the prior art, and the level 
of skill in the art were sufficiently developed at the time of filing to enable one of skill in the art 
to perform the invention as claimed. Applicants direct the Examiner to page 2, beginning at line 
8, for example, where Applicants list some of the references that teach molecular based 
approaches to target cells: 



While existing approaches to target cells based on their 
genotype is limited, some molecular based approaches have , 
been developed. These include antisense RNA [(Izant, J. G. 
& Weintraub, H. Science 229, 345-52. (1985); Detrick, B. 
et al. Invest. Ophthahnol. Vis. Sci. 42, 163-9. (2001); 
Miller, P. S., Cassidy, R. A., Hamma, T. Kondo, N. S. 
Pharmacol. Ther. 85, 159-63. (2000)], triplex DNA 
[(Blume, S. W., Gee, J. E., Shrestha, K. & Miller, D. M. 
Nucleic Acids Res 20, 1777-84. (1992); Chan, P. P. & 
Glazer, P. M. J. Mol. Med. 75, 267-82. (1997); Cassidy, R. 
A., Kondo, N. S. & Miller, P. S. Biochemistry 39, 8683-91. 
(2000)], ribozymes [(Beaudry, A. A. & Joyce, G. F. 
Science 257, 635-41. (1992); Joyce, G. F. Science 289, 
401-2. (2000)], "suicide" gene therapy [(Shimura, H. et al. 
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Cancer Res. 61, 3640-6. (2001); Black, M. E., Kokoris, M. 
S. 8c Sabo, P. Cancer Res. 61, 3022-6. (2001)], and 
inhibitory RNA [(Elbashir, S. M. et al. Nature 41 1, 494-8 
(2001); Bnunmelkamp, T. R., Bernards, R. & Agami, R. 
Science 296, 550-3 (2002)]. 

Accordingly, Applicants argue that given the nature of the invention, the claims are 
enabled as written. 

Working Examples and Guidance Provided 

According to the MPEP at 2164.02, "compliance with the enablement requirement of 
35 U.S.C. 112, first paragraph, does not turn on whether an example is disclosed." Moreover, 
"an applicant need not have actually reduced the invention to practice prior to filing. In Gould v. 
Quigg, 822 F,2d 1074, 1078, 3 USPQ 2d 1302, 1304 (Fed. Cir. 1987). The Court held that "the 
mere fact that something has not previously been done clearly is not, in itself, a sufficient basis 
for rejecting all applications purporting to disclose how to do it." 822 F.2d at 1078, 3 USPQ2d at 
1304 (quoting In re Chilowsky, 229 F.2d 457, 461, 108 USPQ 321, 325 (CCPA 1956)). "The 
specification need not contain an example if the invention is otherwise disclosed in such manner 
that one skilled in the art will be able to practice it without an undue amount of experimentation. 
In re: Borkowski, 422 F.2d 904, 908, 164 USPQ 642, 645 (CCPA 1970)." 

The Examiner alleges that "(t)he specification as filed does not provide sufficient 
guidance or appropriate examples that would enable a skilled artisan to use the claimed methods 
in in vivo environments. (Office Action, p.8): The Examiner argues fiirther that "a person 
skilled in the art would recognize that predicting the efficacy of a compound. . .based solely on 
its performance in vitro is unpredictable." (Office Action, p.8 - 9). Applicants disagree. 

The Examiner's argument is misplaced. As stated by the MPEP above, the specification 
does not need to contain an example if the invention is disclosed in such manner that one skilled 
in the art will be able to practice it without an undue amount of experimentation. Applicant does 
not need to demonstrate the method in an in vivo environment, as argued by the Examiner, to 
enable the invention as claimed. Applicant has provided ample data in the instant disclosure 
supporting a method for a method for inhibiting replication or transcription of a nucleic acid 
molecule indicative of a disease state or a method for selectively treating cells comprising an 
infectious disease organism, as claimed. Applicants point out Example 2, which shows that the 
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gene targeting antigene locks bind in a sequence specific manner and can be "locked. "FIG. 2A- 
2D shows that the antigene lock structures bind specifically to their targets, and in the presence 
of DNA ligase, inhibit DNA synthesis in-vitro. Example 3 shows that antigene locks inhibit in- 
vitro DNA synthesis. Since the antigene locks bind their gene target in a sequence specific 
manner in vitro and inhibit in vitro DNA synthesis, Example 4 tests these locks for their binding 
to a gene target inside a cell. In Example 4, a gene target was selected that was present in cells at 
low copy number, but would be reliably replicated and transmitted to daughter cells under 
normal conditions. The DNA target was selected for ease of monitoring its presence or absence, 
and was non-essential for cell survival so that its loss could be detected in surviving cells. 
Applicants found that with both sequence specific locks, white colonies were produced on these 
plates at frequencies above those seen with the plasmid alone. When the control antigene locks 
were transformed into the same 8036/+6 cells, very few white colonies were produced. The 
frequencies that white colonies were produced with the antigene locks were significantly higher 
than their respective controls (p=0.01 and p=0.03). In Example 8 Applicants show that Alu and 
HPV-E7 antigene locks kill hximan cervical cancer cells. Figure 6, that shows gene specific 
antigene locks can kill himian cervical cancer cells. FIG. 6A is a schematic illustration showing 
the position of the antigene locks on their targets on the alu repeat and the HPV-16 E7 oncogene. 
FIG. 6B shows that a gene specific alu antigene lock specifically kills human cervical cancer 
cells. FIG. 6C is a bar graph showing gene specific E7 antigene lock selectively kills human 
cervical cancer cells, CaSki and C33A/E7 that contain the E7 gene target. 

Accordingly, Applicants argue that given the working examples and guidance provided, 
the claims are enabled as written. 

State of the Art 

According to the MPEP at 2164. 05(a), "(t)he state of the prior art is what one skilled 
in the art would have known, at the time the apphcation was filed, about the subject matter to 
which the claimed invention pertains (and) the state of the art for a given technology is not static 
in time. It is entirely possible that a disclosure filed on January 2, 1990, would not have been 
enabled. However, if the same disclosure had been filed on January 2, 1996, it might have 
enabled the claims. Therefore, the state of the prior art must be evaluated for each application 
based on its filing date." 
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The Examiner alleges that "the claimed invention is a class of invention which the CAFC 
has characterized as 'the xmpredictable arts such as chemistry and biology' (and) (t)he claims 
encompass in vivo methods for inhibiting replication or transcription of a nucleic acid molecule 
indicative of a disease state, or in vivo methods for selectively treating cells. . .however the 
specification only shows that such methods are carried out in vitro.^' (Office Action, p.9). 

Applicants disagree. The instant application provides detail regarding the feasibility of 
the claimed methods at the time of filing. For example. Applicants direct the Examiner to the 
references and Examples cited above. 

At page 22 of the specification. Applicants describe "gene delivery" or "gene transfer" as 
referring to the introduction of an exogenous polynucleotide (sometimes referred to as a 
"transgenes") into a host cell, irrespective of the method used for the introduction. Applicants 
describe a number of methods known in the art that have been used for gene delivery in vivo: 

Such methods include a variety of well-known techniques such as 
vector-mediated gene transfer (by, e.g., viral infection/transfection, 
or various other protein-based or lipid-based gene delivery 
complexes) as well as techniques facilitating the delivery of naked 
polynucleotides (such as electroporation, "gene gun" delivery and 
various other techniques used for the introduction of 
polynucleotides). The introduced polynucleotide may be stably or 
transiently maintained in the host cell Stable maintenance 
typically requires that the introduced polynucleotide either 
contains an origin of replication compatible with the host cell or 
integrates into a replicon of the host cell such as an 
extrachromosomal replicon (e.g., a plasmid) or a nuclear or 
mitochondrial chromosome. A nxmiber of vectors are known to be 
capable of mediating transfer of genes to mammalian cells, as is 
known in the art and described herein, (page 22 - 23) 

As pointed out by Applicants above, electroporation and gene gun delivery were both 
known and used at the time of filing to deliver genes in vivo. For example, Rakhmilevich et al. 
(Proc Natl Acad Sci USA. 1996 June 25; 93(13): 6291-6296; enclosed herewith) in a 1996 
publication, describe particle-mediated (gene gun) in vivo delivery of the murine interleukin 12 
(IL-12) gene in an expression plasmid. Sun et al. (Proc Natl Acad Sci USA. March 28, 1995 
vol. 92 no. 7 2889-2893; enclosed herewith) in a 1995 publication, describe an approach to 
tumor immunotherapy utilizing direct transfection of cytokine genes into tumor-bearing animals 
by particle-mediated gene transfer. Nishizaki et al. (Ann Thorac Surg 2000;70:1332-1337; 
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enclosed herewith) in a 2000 publication, demonstrate gene gun-mediated transfer into a beating 
heart. Clearly, the claimed methods were feasible and enabled at the time of fiUng 

Applicants have provided ample evidence that the methods as instantly claimed are 
enabled by the instant disclosure. 

Taken together, the teachings of the specification and knowledge of one of skill in the art 
enables one of skill in the art to practice the full scope of the claimed invention without having 
to resort to undue experimentation. Applicants accordingly request that the rejection be 
reconsidered and withdrawn. 

Claim Rejections 35 USC 103(a) 

Claims 1, 5 and 15 have been rejected imder 35 USC 103(a) as being unpatentable over 
Gibson et al. (Clinical Cancer Research, 2000) in view of Escude et al. (PNAS, 1999). 
AppUcants respectfully disagree. 

Claim 1 recites a method for inhibiting replication or transcription of a nucleic acid 
molecule indicative of a disease state, the method comprising targeting the nucleic acid molecule 
with an oligonucleotide; and, binding of the oligonucleotide to the target nucleic acid molecule; 
wherein the oligonucleotide comprises a backbone nucleic acid sequence, and two arm nucleic 
acid sequences, and wherein the backbone nucleic acid sequence is complementary to one strand 
of the target nucleic acid molecule and the arms are complementary to the other strand of the 
target nucleic acid molecule, wherein the oligonucleotide backbone has one or more mismatches 
with the target nucleic acid sequence, thereby inhibiting transcription of the target nucleic acid 
molecule. 

Accordingly, the present invention provides methods for selective killing of cells based 
on their genotype. The claimed methods utilize oligonucleotides that bind specifically to their 
gene targets, intertwine with both strands of the target DNA and thereby inhibit DNA synthesis. 
When transformed into a mixed population of cells, where only one cell type possesses the 
target, the oligonucleotides of the invention selectively kill only the target bearing cell 
population. The oligonucleotides taught m the present invention are considerably different from 
other molecular approaches taken in the prior art. 

The Examiner argues that the Gibson reference teaches '*a method for inhibiting 
transcription in a mammalian cell in vitro comprising administering an anti-bcl-2 ribozyme." 
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(Office Action p. 15). The Examiner contends that the Gibson reference teaches that "bcl-2 is 
commonly over-expressed in non-oral cancers, such as follicular lymphomas, and this satisfies 
that bcl-2 is a nucleic acid molecule indicative of a disease state." (Office Action, p. 15). The 
Examiner admits that "Gibson et al do not teach an oligonucleotide comprising a backbone 
nucleic acid sequence, and two arm nucleic acid sequence, and wherein the backbone nucleic 
acid sequence is complementary to one strand of the target nucleic acid molecule and the arms 
are complementary to the other strand of the target nucleic acid molecule." (Office Action, 
p.l5). 

The Gibson reference is directed to the induction of apoptosis in oral cancer cells by an 
anti-bcl-2 ribozyme delivered by adenovirus. The present invention provides methods for 
selective killing of cells based on genotype using oligonucleotides that bind specifically to gene 
targets. The ribozymes taught by the Gibson reference are structurally and functionally different 
fi-om the oligonucleotides that are taught and claimed in the present application. Ribozymes are 
RNA molecules that are capable of catalyzing RNA cleavage in a sequence-specific manner. As 
taught in the present specification, for example at page 39, beginning at line 21: 

Ribozymes, linear oligonucleotides with a loop structure, are 
catalytic nucleic acids, which are designed to inactivate specific 
mRNA. Antigene locks do not possess catalytic properties and are 
very different in structure. Ribozymes are dependent on 
magnesium, antigene locks are not. 

Applicants direct the Examiner to Figure 1 , below, which shows the anti-bcl-2 ribozyme 
and its target. Ribozymes are antisense RNA molecules that catalytically cleave specific target 
RNA, leading to degradation. The ribozyme taught by the Gibson reference cleaves the 
transcript of the bcl-2 gene between nucleotides 279 and 280. (p.213). 

^ 

bcl-2: 5' caccugugGUC caccugac 3' 

ribozyma: 3' guggacacCA guggacug 5' 

A C 
A U 
GAG 
C*G G A 
A*U 0 
6*C 
6*C 
A 6 
G U 
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Not only is the method of but the present invention is directed to inhibiting transcription 
of the target nucleic acid molecule while ribozyme technology leads to degradation of target 
RNA. 

Nowhere does the Gibson reference teach or suggest a method for inhibiting replication 
or transcription of a nucleic acid molecule indicative of a disease state where the method 
comprises targeting the nucleic acid molecule with an oligonucleotide and binding of the 
oligonucleotide to the target nucleic acid molecule, wherein the oligonucleotide comprises a 
backbone nucleic acid sequence, and two arm nucleic acid sequences, and wherein the 
backbone nucleic acid sequence is complementary to one strand of the target nucleic acid 
molecule and the arms are complementary to the other strand of the target nucleic acid 
molecule, thereby inhibiting transcription of the target nucleic acid molecule, as presently 
claimed. 

The Escude reference does not cure the defects of the Gibson reference. Neither 
reference, taken alone or in combination, teaches or suggests the invention as claimed. 

The Escude reference teaches the design of an oligonucleotide, in particular 
oUgonucleotides that target oligopurine-oligopyrimidine sequence from the promoter of the 
mouse androgen receptor, that winds around the DNA double helix and can then be circularized, 
(p. 10604). Referring to Figure 2, Escude et al teach "an 89'mer oligonucleotide that contain(s) a 
central triple helix forming sequence connected by two T19 linkers to sequences that could form 
10 base pairs each with a 20-mer oligonucleotide." (p. 10604). 

The present invention teaches backbone nucleic acid sequences that are 
complementary to one strand of the target nucleic acid molecule and arms that are 
complementary to the other strand of the target nucleic acid molecule, where the 
oligonucleotide backbone has one or more mismatches with the target nucleic acid 
sequence. Escude describes an enzymatic method that allows the assembly of an artificial 
sliding clamp'directly on a circular plasmidic DNA through the use of a triple-helical complex, 
(p. 1 0603). Applicants refer to Examiner to Figure 1 , which is a schematic diagram of the 
locking technique. Figure 1 shows 

(t)he central part of a linear oligonucleotide (yellow) binds 
to the major groove of a specific sequence within a plasmid 
(red and blue) to form a triple-helical complex. Then, its 5' 
and 3' ends hybridize adjacent to each other to a template 
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oligonucleotide (green) and are joined together by T4 DNA 
ligase (white) to form a circular oligonucleotide to form a 
circular oligonucleotide catenated to the plasmid DNA. 

Figure 2 shows the triplex site formed by the 89-mer by binding to a target sequence in 
the pAR plasmid. Escude does not teach nucleic acid sequences that are complementary to one 
strand of the target nucleic acid molecule and arms that are complementary to the other strand of 
the target nucleic acid molecule, where the oligonucleotide backbone has one or more 
mismatches with the target nucleic acid sequence. 

The Examiner argues that "one of ordinary skill in the art would have been motivated to 
devise a method for inhibiting replication or transcription of a nucleic acid molecule indicative 
of a disease state, the method comprising targeting the nucleic acid molecule with an 
oligonulceotide since Gibson et al. taught that such a method could cause cancer cells to lose 
their malignant behavior." (Office Action, p. 1 6). The Examiner argues that "(o)i^c of ordinary 
skill in the art would have been motivated to substitute the anti-bcl ribozyme taught by Gibson et 
al. with an oligonucleoitde comprising a backbone nucleic acid sequence, and two arm nucleic 
acid sequence" as taught by the Escude reference. (Office Action, p. 16). 

One of ordinary skill in the art would not be motivated to use the oligonucleotide taught 
by the Escude reference in the method of Gibson, or in any method comprising targeting any 
nucleic acid molecule with an oligonucleotide with any reasonable expectation of success. Not 
only are the oligonucleotides taught by Escude structurally different from the claimed invention, 
but the ribozyme technology, where RNA is degraded, is completely different from any use 
taught by the Escude reference. Escude suggest use of the padlock oligonucleotides for cell 
transfection procedures, plasmid purification, gene transfer (p. 10606). 

Accordingly, Applicants respectfully request that the foregoing rejection be withdrawn. 

Claims 41 - 43 and 45 have been rejected imder 35 USC 103(a) as being 
unpatentable over Zhang et al. (FEES Letters, 1999) in view of Escude et al. (PNAS, 1999). 
Applicants respectfully disagree. 

Claim 41 recites a method for selectively treating cells comprising an infectious 
disease organism, comprising administering to the cells an oligonucleotide sequence that is 
complementary to a target nucleic acid molecule of an infectious disease organism, the cells 
comprising an oligonucleotide sequence of an infectious disease organism; wherein the 
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oligonucleotide comprises a backbone nucleic acid sequence and two arm nucleic acid 
sequences, and wherein the backbone nucleic acid sequence is complementary to one strand of 
the target nucleic acid molecule and the arms are complementary to the other strand of the target 
nucleic acid molecule; wherein the oligonucleotide backbone has one or more mismatches with 
the target nucleic acid sequence, thereby inhibiting transcription of the target nucleic acid 
molecule. 

The Examiner argues that "Zhang et al. teach the in vitro cleavage of an anti-HIV-1 
DNAzyme, DzV3-9 (and). . .that the anti-HIVl DNAzyme was administered, detected and 
stabilized in mammalian cells," (Office Action, p. 18). The Examiner argues that Zhang "also 
teach that mammalian cells were infected with a virus and virus replication was inhibited upon 
administration of DzV3-9." (Office Action, p. 18 -19), The Examiner admits that the Zhang et 
al. "do not teach an oligonucleotide comprising a backbone nucleic acid sequence, and two arm 
nucleic acid sequence, wherein the oligonucleotide comprises a backbone nucleic acid sequence 
and two arm nucleic acid sequences, and wherein the backbone nucleic acid sequence is 
complementary to one strand of the target nucleic acid molecule and the arms are 
complementary to the other strand of the target nucleic acid molecule. 

The Escude reference does not cure the defects of the Zhang reference. Neither 
reference, taken alone or in combination, teaches or suggests the invention as claimed. 

Accordingly, Applicants respectfully request that the foregoing rejection be withdrawn. 
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CONCLUSION 

In view of the above remarks, Applicants respectfully request withdrawal of the rejection 
and allowance of the claims. 

A two month extension of time is requested. 

If the Examiner believes that a telephone conversation with Applicant's attorney/agent 
would expedite prosecution of this application, the Examiner is cordially invited to call the 
undersigned attorney of record. The Director is hereby authorized to charge any credits or 
deficiency in the fees filed, asserted to be filed or which should have been filed herewith (or with 
any paper hereafter filed in this appUcation by this firm) to om Deposit Account No. 04-1 105, 



Dated: March 30, 2009 




Sparks, Ph.D. 
Registration No.: 53,624 
EDWARDS ANGELL PALMER & DODGE 

LLP 
P.O. Box 55874 
Boston, Massachusetts 02205 
(617)517-5543 

Attorneys/Agents For Applicant 
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Gene gun-mediated skin transfection with interleukin 12 gene 
results in regression of established primary and metastatic 
murine tumors 

Alexander L. Rakhmilevich*, Joel Turner*, Maura J. Ford*, Dennis McCabe*, Wenn H. SuNt, 
Paul M. Sondel*, Karen Grota*, and Ning-Sun Yang*§ 
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60614; and ^Departments of Pediatrics, Human Oncology, and Genetics. University of Wisconsin Comprehensive Cancer Center. Madison, WI 53792 

Communicated by C.-C. Tan, Fudan University^ Shanghai, People's Republic of China, March 15, 1996 (received for review December 25, 1995) 



ABSTRACT Particle-mediated (gene gun) in vivo delivery 
of the murine interleukin 12 (IL-12) gene in an expression 
plasmid was evaluated for antitumor activity. Transfer of 
IL-12 cDNA into epidermal cells overlying an implanted 
intradermal tumor resulted In detectable levels (266,0 ± 27*8 
pg) of the transgenic protein at the skin tissue treatment site. 
Despite these low levels of transgenic IL-12y complete regres- 
sion of established tumors (0.4-0.8 cm in diameter) was 
achieved in mice bearing Renca, MethA, SA-1, or L5178Y 
syngeneic tumors. Only one to four treatments with IL-12 
cDNA-coated particles, starting on day 7 after tumor cell 
implantation, were required to achieve complete tumor re- 
gression. This antitumor effect was CDS'** T cell-dependent 
and led to the generation of tumor-specific immunological 
memory. By using a metastatic P815 tumor model, we father 
showed that a delivery of IL-12 cDNA into the skin overlying 
an advanced intradermal tumor, followed by tumor excision 
and three additional IL-12 gene transfections, could signifi- 
cantly inhibit systemic metastases, resulting in extended 
survival of test mice. These results suggest that gene gun- 
mediated in vivo delivery of IL-12 cDNA should be fkirther 
developed for potential clinical testing as an approach for 
human cancer gene therapy. 



Interleukin 12 (IL-12), a bimolecular glycoprotein consisting 
of a 35- and a 40-kDa subunit, was originally identified as a 
factor that stimulates natural killer cells (1. 2) and promotes 
maturation of cytotoxic T lymphocytes (CTL) (3, 4). It has 
recently been demonstrated that local or systemic treatment 
with recombinant (r) IL-12 protein mediates profound anti- 
tumor effects in vivo, causing regression of established subcu- 
taneous tumors and tumor metastases (5, 6), However, sys- 
temic administration of rIL-12 caused dose-dependent toxicity 
in mice (7) and in human trials (8). Thus, a delivery mechanism 
that can provide relatively low levels of IL-12 at the target 
tissue might be advantageous in that it could generate an 
antitumor effect without causing systemic toxicity. Indeed, as 
cancer gene therapy has evolved, recent studies have produced 
encouraging results, showing that murine fibroblasts (9) or 
tumor cells (10) transduced in vitro with the IL-12 gene using 
a retroviral vector were able to induce antitumor immune 
responses. These data suggest that peritumoral IL-12 delivery 
may be as efficacious as systemic administration and avoid 
many undesirable side effects. 

The particle-mediated method for gene delivery by gene gun 
utilizes a shock wave to accelerate DNA-coated gold particles 
into target cells or tissues. At submicrogram quantities of DNA 
per dose for in vitro or in vivo gene transfer, the gene gun can 
deliver thousands of DNA copies intracellularly into test 
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tissues, resulting in high level transgene expression (11). As this 
method is cell surface receptor-independent, it can successfully 
deliver genes into a wide spectrum of mammalian cell types 
(12. 13). We have recently demonstrated that a particle- 
mediated, in vivo cytokine gene therapy reduces tumor growth 
in mice (14). Treatments with interferon-y and tumor necrosis 
factor a shortly after the implantation of tumor cells inhibited 
tumor growth and prolonged the survival of tumor-bearing 
mice. To more closely approximate clinical situations, and to 
take advantage of the findings that IL-12 more effectively 
stimulates activated than naive T cells (15, 16), we evaluated 
the effect of IL-12 gene therapy on the growth of established 
tumors. In this study, we utilized the gene gun technology for 
in vivo IL-12 cDNA delivery into the skin overlying the 
implanted, established tumor tissues. 

MATERIALS AND METHODS 

Mice. BALB/c, CS7BL/6, DBA/2, and A/J female mice 
between 8 and 12 weeks of age were obtained from Harlan- 
Sparague-Dawley or Taconic Farms. All animal experiments 
were conducted in accordance with principles stated in ref. 17. 

Murine Tumor Models. Six established mouse tumor cell 
lines were employed in this study, namely Renca carcinoma, 
MethA sarcoma (both syngeneic in BALB/c mice), L5178Y 
lymphoma, P815 mastocytoma (both syngeneic in DBA/2 
mice), SA-1 sarcoma, and B16 melanoma (syngeneic in A/J 
and C57BL/6 mice, respectively). Tumor cell cultures were 
maintained in RPMI 1640 medium supplemented with 10% 
fetal bovine serum and 2 mM L-glutamine, and gentamicin at 
50 ixg/ml, MethA sarcoma, SA-1 sarcoma, P815 mastocytoma, 
and L5178Y lymphoma were grown as ascites in syngeneic 
mice for 1 week before injecting intradermal^ (i.d.). Mice were 
shaved in the abdominal area and injected i.d. with 1 X 10^ (or 
1 X 10^, in the case of B16- tumor) tumor cells in 50 ^1 
phosphate-buffered saline (PBS). Tumor growth was moni- 
tored two to three times a week by measuring two perpendic- 
ular tumor diameters using calipers. 

IL-12 Gene Expression Vector. We constructed a plasmid 
(pWRG3169) containing coding sequences for the p35 and p40 
subunits of murine (m) IL-12, linked tandomly in the same 
direction and each driven by its own cytomegalovirus (CMV) 
i/e promoter/enhancer, a simian virus 40 (SV40) sd/sa intron 
sequence, and a bovine growth hormone polyadenylylation 
sequence. The murine 35- and 40-kDa IL-12 subunit cDNA 
clones were isolated from mouse lymphocyte cDNA libraries 
by PCR cloning. The PUC19 plasmid backbone was derived 
from a bluescript SK(+) vector with an ampicillin-resistance 
gene (see Fig. M). A control vector containing a luciferase 



Abbreviations: IL-12, interleukin 12; CTL. cytotoxic T lymphocyte; 
mAb, monoclonal antibody; r, recombinant; m, murine; CMV. cyto- 
megalovirus; SV40, simian virus 40; Luc, luciferase. 
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(Luc) cDNA expression plasmid containing the CMV pro- 
moter was constructed as described by Cheng et al. (12). 

In Vivo and in Vitro Gene Transfer. The experiments utilized 
a helium-pulse Accell (gene gun) device that was designed by 
D. McCabe (Agracetus, Inc). Plasmid DNA was precipitated 
onto 2 /im gold particles. Particles were suspended in a solution 
of 0.1 mg of polyvinyl pyrrolidone per ml in absolute ethanol. 
This DNA/gold/particle preparation was coated onto the 
inner surface of a Tefeel tubing by using a tube loader 
(Agracetus), and the tubing was cut into O.S-inch segments to 
result in delivery of 0.5 mg gold and 1.25 ^xg plasmid DNA per 
transfection. For tumor therapy, mouse skin overlying and 
surrounding the target tumor was transfected in vivo with IL-12 
or Luc cDNA expression vectors starting from day 7 after i.d. 
implantation of 1 X 10^ of five different types of tumor cells, 
except for B16 tumor, which was implanted at 10^ cells. Each 
treatment consisted of four transfections (5 /xg plasmid DNA/ 
treatment) with a 300 psi helium gas pulse. One transfection 
was directly over the tumor site, and three additional treat- 
ments were evenly spaced around the circumference of the 
tumor in a triangle pattern. The in vitro particle bombardment 
gene transfer was performed as described (18). 

IL-12 Bioassay. For determining transgenic IL-12 expres- 
sion following in vivo gene transfer, blood was obtained by 
cardiac puncture, and skin tissue samples containing four 
transfection sites were collected in 0.5 ml of general extraction 
buffer, thoroughly minced with scissors, and sonicated before 
collecting the supernatant. The level of transgenic IL-12 
protein was determined by a cell proliferation bioassay by using 
murine Con A-activated splenocytes as described (19). Briefly, 
spleen cells (5 x 10^/ml) from naive BALB/c mice were 
stimulated with Con A (5 /ig/ml) for 4 days at 3TC. Serial 
dilutions of the test samples (cell culture supematants, serum, 
or skin tissue homogenates) were incubated with the activated 
spleen cells (2 x 1(? cells/well) for 48 h, and the level of cell 
proliferation was measured by pH]thymidine incorporation. 
Serially diluted recombinant murine IL-12 (R&D Biosystems) 



was used as a standard. Anti-mIL-12 monoclonal antibody 
(mAb) (kindly provided by M. Gately, Hoffman-La Roche) 
was used to ensure that the bioactivity of the samples was due 
to IL-12. The sensitivity of this assay was about 10 pg/ml for 
rIL-12 standard protein and cell culture samples, and about 
100 pg/ml for serum and skin tissue extracts. 

Immunohistochemistry. The in vivo transfected skin tissues 
were sectioned in a cryostat (8 mm), placed on silanated slides 
and allowed to air dry. Test tissues were then fixed with 
acetone at 4*C for 10 min, air dried, washed in PBS for 10 min, 
and incubated with the anti-IL12 mAb (10 mg/ml) for 60 min 
at room temperature. Reacted tissues were rinsed two times in 
PBS and incubated with a biotinylated secondary antibody 
(rabbit anti-rat IgG; Vector Laboratories) for 60 min at room 
temperature. After rinsing with PBS, localization of the anti- 
body binding was visualized with peroxidase staining and 
developed with metal enhanced 3,3'diaminobenzidine-H202. 
Sections were rinsed in PBS and counterstained with hema- 
toxylin, dehydrated in ethanol, treated with xylene, and 
mounted with permount. 

IL-12 Gene Therapy of Spontaneous Metastasis. A spon- 
taneous metastasis model using weakly immunogenic P815 
tumor has been described (20). DBA/2 mice were injected i.d. 
with 1 X 10^ P815 cells. The skin overlying and surrounding the 
tumor was transfected with IL-12 cDNA or Luc cDNA on days 
12 and 14 of tumor growth. Surgical excision of the tumor was 
performed on day 15 of tumor growth, and additional trans- 
fections of the skin on both sides of abdomen were performed 
on days 16, 18, and 20. Survival of the mice was followed. 

Generation of Cytotoxic T Lymphocytes and Cytotoxic 
Assay. Tumor-specific CTL were generated in vitro as de- 
scribed (21). Briefly, spleen cells (5 x 10*), derived from 
BALB/c mice that had rejected Renca tumors due to IL-12 
gene therapy and had remained tumor-free for 2 months, or 
from age-matched naive mice, were cocultured with 5 X 10* 
mytomicin C-treated Renca cells in 24-well culture plates in 
complete RPMI 1640 media. After culturing for 5 days in vitrOy 
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Fig. 1. In vivo transfer of IL-12 cDNA expression plasmid into mouse skin leads to regression of intradermally implanted, established tumors. 
(A) IL-12 cDNA gene construct engineered in the pWRG 3169 expression plasmid. CMV, cytomegalovirus i/e promoter, sd/sa, the SV40 splicing 
donor/splicing acceptor site; bGH PA, bovine growth hormone polyadenylylation signal sequence. (B) Detection of transgenic IH2 protein in 
gene gun-treated skin tissues at 24 h after IL-12 cDNA delivery, Plasmid DNA was precipitated onto 2 ^m gold particles. Mice were shaved in 
the abdominal area, and the epidermis was transfected with a 300 psi helium gas pulse by using the helium-pulse Accell device (gene gun). 
Immunoperoxidase assay demonstrates the presence of IL-12 protein (arrows) in the epidermal cell layers of the test mice. (C) Antitumor effect 
in MethA sarcoma model. Mouse skin overlying and surrounding the target tumor was transfected in vivo with IL-12 or Luc cDNA expression vectors 
on days 7 and 10 after i.d. implantation of 1 X 10^ MethA cells. At each treatment, mice received four transfections (5 /ig plasmid DNA/treatment). 
One transfection was directly over the tumor site, and three additional treatments were evenly spaced around the circumference of the tumor in 
a triangle pattern. Photographs of test mice were taken on days 7, 17, and 29 after tumor cell implantation. Whereas all mice treated with the control 
(Luc) plasmid DNA developed large tumors, three of eight mice treated with IL-12 gene exhibited complete tumor regression as shown here; the 
other five mice had reduced tumor growth. 
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graded numbers of viable effector cells and ^*Cr-labeled Renca 
ceils (10^) were placed into the round-bottomed wells of 
96-well plates. After incubating for 4 hr at 37°C, radioactivity 
in supematants was determined. 

RESULTS AND DISCUSSION 

Transgenic Expression of IL-12 in VUro and in Vivo. We 
constructed a plasmid (pWRG3169) containing coding se- 
quences for the p35 and p40 subunits of mIL-12, linked 
tandomly in the same direction and each driven by its own 
CMV i/e promoter/enhancer, a SV40 sd/sa intron sequence, 
and a bovine growth hormone polyadenylylation sequence 
(Fig. L4). This version of a mIL-12 vector was found to be 3- 
to 8-fold more efficient in expressing IL-12 protein in B16 
tumor cells transfected in vitro or in murine skin transfected in 
vivo than the same cDN A clones constructed in a single operon 
with an internal ribosome entry site linkage. This vector was 
also more efficient than using gold beads coated with a mixture 
of two different expression plasmids, one for each IL-12 
subunit (data not shown). In vitro and in vivo expression of 
IL-12 was performed with this tandom IL-12 gene construct 
and compared with expression by a control vector containing 
a Luc cDNA expression plasmid. The level of transgenic IL-12 
was determined by a cell proliferation bioassay. Upon in vitro 
gene gun-mediated delivery of 1.25 ^Lg pWRG3169 DNA into 
1 X 10^ B16 (murine melanoma) cells, 49.8 ± 10.2 ng of 
functionally active IL-12 were detected at 24 h posttransfec- 
tion. At 24 h after in vivo gene transfer into skin tissue, 266.0 
± 27.8 pg of mIL-12 were detected per 0.172 ± 0.026 g of fresh 
weight tissue within a standard 1.5 x 1.5 cm^ full thickness skin 
biopsy that contained four gene gun-treated sites. Because of 
the limited sensitivity of the current IL-12 bioassay for serum 
and skin tissue extracts (^100 pg/ml), we were unable to 
detect the low levels of IL-12 that might have been released 
into serum of test mice. We have previously shown (14) that 
very low levels of other cytokines, such as interferon- -y, 
interleukin 6, or granulocyte/macrophage colony-stimulating 
factor, can be detected in serum of mice undergoing gene 
therapy on the skin. It is important to note that the amount of 
IL-12 detected in the in vivo skin transfection sites was 1/400 
to 1/40,000 of the dosage (0.1-10 ^xg) of the systemically 
injected rIL-12 protein which resulted in both antitumor 
effects and toxicity in mice (5-7). 

Skin tissue overlying a 7-day i.d. Renca tumor was treated 
with IL-12 expression plasmid by gene gun delivery and 
biopsied 24 h later. Histologic examination revealed that the 
gold particles primarily penetrated to the epidermal cell layers 
of the mouse skin tissue but not into the underlying tumor cells. 
Accordingly, immunohistochemical staining of the skin tissue 
24 h following gene gun delivery with pWRG3169 revealed 
that transgenic IL-12 was expressed only in the epidermal cell 
layers (Fig. IB). 

Tumor Regression and Suppression of Tumor Growth Fol- 
lowing IL-12 Gene Therapy. It is known that certain murine 
immunogenic tumors can induce a T cell-mediated immune 
response that is best detected on days 7-9 of tumor growth in 
defined tumor models (22-24). Therefore we started the IL-12 
cDNA treatments at 7 days postimplantation of tumor cells 
with the hope of enhancing the already activated endogenous 
antitumor immune response. Using this experimental strategy, 
the in vivo delivery of the chimeric IL-12 genes into skin tissues 
overlying established 7-day tumors resulted in complete tumor 
regression or suppression of tumor growth in four tumor 
models (Figs. IC and 2). In mice bearing Renca, LS178Y, 
MethA, or SA-1 tumors, complete tumor regression was 
achieved in 87.5% (7/8), 87.5% (7/8), 57% (4/7), and 37.5% 
(3/8) of the tested mice, respectively (Fig. 2). Nearly identical 
results were achieved with Renca tumors after a single IL-12 
cDNA treatment on day 7 (data not shown). In contrast, 



tumors grew progressively in most of the untreated mice (data 
not shown) or mice treated with Luc gene (Fig. 2). Further- 
more, in mice bearing P815 mastocytoma or B16 melanoma, a 
significant suppression of tumor growth was achieved (Fig. 2). 
For example, on day 13 post-P815 tumor cell implantation, the 
mean tumor diameter in mice treated with IL-12 gene was 8.89 
± 0.27 mm versus 12.28 ± 0.46 mm in mice treated with Luc 
control gene in the same expression plasmid (P < 0.001). 
Likewise, on day 15 post-B16 tumor cell implantation, tumor 
diameter in mice treated with IL-12 gene was 6.30 ± 0.45 nun 
versus 11.8 ± 0.31 mm in mice treated with Luc gene (P < 
0.001). However, the observed suppression of tumor growth 
was transient and all mice eventually died from progressing 
tumors. Whether or not a modification in gene transfer 
schedules could improve the result of therapy of these two 
weakly immunogenic tumors is unclear and warrants further 
evaluations, especially since most human tumors are believed 
to be weakly or not immunogenic. 

It is important to note that for all tested mouse tumor 
models, the tumors were already well established at the 
beginning of the therapy, and had reached 5-8 mm in diam- 
eter. To our knowledge, this is the first evidence that an IL-12 
gene therapy protocol can cause a complete regression of 
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Fig. 2. Kinetics of regression of established murine tumors fol- 
lowing in vivo IL-12 gene therapy. The gene therapy procedure was 
started at 7 days after i.d. injection of 1 x lO^ (or 1 x lO^, in the case 
of B16 tumor) indicated tumor cells. At each treatment, mice received 
four transfections with IL-12 DNA (circles) or with control DNA, 
pCMVLuc (squares). The arrows on each graph indicate the days 
following tumor injection on which gene transfer treatments were 
carried out. Mean tumor diameters ± SEM are shown for 7-8 mice per 
group except for B16 tumor model (12 mice per group). The IL-12 
gene therapy experiments were repeated five times with the Renca 
tumor system, two times with MethA and P81S tumors, and once with 
L5178Y and B16 tumor models, and similar results were obtained. 
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established, relatively large tumors. Previous studies have 
shown that IL-12 gene therapy using retroviral vectors resulted 
in prevention of tumor development (9), or regression of small, 
3-day-old MCA207 sarcomas in 33% of treated mice (10). It 
is also noteworthy that only 1-4 days of therapy (using four 
gene gun treatments per tumor site on each day of therapy) 
resulted in tumor regression or growth suppression in virtually 
all of our experiments. In previous studies using recombinant 
protein therapy, tumor regression required daily injections of 
IL-12 at doses from 0.1 to 10 /ng for 1 week (6), or 5 days a week 
for 3-4 weeks (5) . 

It is also important to note that in our IL-12 gene therapy 
protocol, the normal skin tissue overlying an established tumor 
is intentionally transfected topically to incite the existing 
antitumor immune response. Tht results presented in Figs. 1 
and 2, in conjunction with our previous findings using other 
cytokine genes (14), indicate that transgenic IL-12 production 
by normal epidermal cells in the vicinity of the tumor is 
responsible for the antitumor effect of IL-12 gene therapy. 
Therefore, the in vivo, particle -mediated IL-12 gene transfer 
protocol is drastically different from other currently employed 
procedures of cancer gene therapy, where a therapeutic vector 
is either introduced into the tumor or other cells in vitro, or 
injected directly into the tumor mass in vivo. 

Involvement of CDS"^ T Cells in Tumor Regression. To 
determine the role of CD4'*" and CDS'*" T cells in the observed 
tumor regression, we injected Renca tumor-bearing mice with 
anti-CD4 or anti-CD8 mAb on the next day after the beginning 
of IL-12 gene therapy and then 4 days later. This protocol was 
based on our previous findings showing that the same mAbs 
caused depletion of more than 90% of relevant T cell subsets 
in mice for 4-5 days following a single injection (25, 26). Fig. 
3 provides direct evidence that the IL-12 gene therapy-induced 
tumor regression required CDS"*" cells, in that in vivo depletion 
of CD8+ T cells, but not the depletion of CD4+ T cells, 
abrogated the effect of IL-12 gene therapy. These data are in 
agreement with the findings of Brunda et al. (5) that tumor 
regression caused by rIL-12 is mediated by CDS'*" T cells, and 




0 4 8 12 16 20 24 28 
DAYS 

Fig. 3. Tumor regression caused by IL-12 gene requires CD8"^ T 
cells. BALB/c mice were injected i.d. with 1 X 10^ Renca cells. Skin 
was transfected with IL-12 or Luc cDNA expression vectors on days 7, 
9. and 11 posttumor implantation (arrows). Anti-CD4 mAb (clone 
GK1.5) or anti-CD8 mAb (clone 2.43), both obtained from the 
Trudeau Institute (Saranac Lake, NY), were administered intraperi- 
toneally on days 8 (300 fxg/mouse) and 12 ( 150 tig/mouse) after tumor 
implantation. Control groups included mice that were treated with the 
IL-12 gene and received rat IgG (Sigma) at the same doses and 
schedule as the anti CD8-and CD4 mAb, or mice treated with the Luc 
gene instead of the IL-12 gene. Mean tumor diameters ± SEM are 
shown for eight mice per group. 



not by CD4'^ T cells. In fact, depletion of CD4-^ T cells with 
anti-CD4 mAb appeared to result in slightly accelerated tumor 
regression (Fig. 3), implying that CD4'*" T cells may have 
suppressed the anti-tumor effect of IL-12 in this tumor model. 
Indeed, it has been shown that established tumors induce 
Th2-like CD4* T suppressor cells, which can inhibit CD8+ T 
cell-mediated immune responses (24, 27, 28). The beneficial 
effect of anti-CD4 mAb treatment for tumor immunotherapy 
with rIL-2 protein (25) or IL-12 gene (29) has been previously 
reported. Supporting data show that IL-12 protein can activate 
tumor-specific CDS"*" T cells in vitro (30) and mediate an 
anti-suppressive effect on Th2 CD4'^ T cells in vivo (31, 32). 

Anti-Metastatic Effect of Local IL-12 Gene Therapy. The 
results showing that tumor regression caused by local IL-12 
gene therapy requires CDS"*" T cells suggest that local IL-12 
gene delivery might result in a systemic antitumor effect. To 
test this hypothesis, we used the P815 tumor cells that metas- 
tasize into the visceral organs several days after the i.d. 
implantation, thereby causing the death of the mice even when 
the primary tumor has been surgically removed (20). In this 
system, an excision of the primary P815 tumor on day 12 (data 
not shown) or day 15 (Fig. 4) posttumor implantation was 
followed by death of all treated mice by day 37 or 29, 
respectively. However, when the skin overlying the i.d. P815 
tumors were transfected with IL-12 cDNA on days 12 and 14 
posttumor cell implantation, followed by tumor excision on day 
15, and three additional IL-12 cDNA skin transfections at the 
abdominal sites adjacent to the excised primary tumor, a 
signiflcant prolongation of the survival was observed (Fig. 4). 
These results suggest that local delivery of IL-12 gene into the 
skin tissue overlying and surrounding the primary tumor can 
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Fig. 4. Anti-metastatic effect of IL-12 gene therapy on P815 
tumors. DBA/2 mice were injected i.d. with 1 X 10^ P815 cells. Skin 
tissues overlying and surrounding the target tumor were treated with 
IL-12 cDNA delivered by gene gun (8 mice/group) or Luc cDNA (5 
mice/group) on days 12 and 14 after tumor cell implantation. Surgical 
excision of the tumor was performed as described (20) on day 15, when 
tumor size reached about 13 mm in diameter. Additional transfections 
of skin on both sides of the abdomen were performed on days 16, 18, 
and 20 after implantation of tumor cells. All mice treated with the 
control Luc cDNA died in 28.0 ± 0.6 days after tumor cell implan- 
tation. Death was caused by spontaneous metastases of tumor cells 
into the internal organs, primarily the liver, as was evidenced by 
macroscopic examination (data not shown). IL-12 gene therapy ef- 
fectively prolonged the survival of mice (survival time 41.4 ± 4,9 days, 
P < 0.05), and one of eight mice was "cured." This experiment was 
repeated without additional transfections posttumor excision, and we 
observed that all of the Luc cDNA treated mice (n = 11) died in 43.9 
t. 7.1 days, whereas 5 of 12 (41.6%) IL-12 gene therapy-treated mice 
survived for at least 180 days and thus were considered cured. 
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Fig. 5. IL-12 gene therapy in tumor-bearing mice results in development of tumor-specific immunological memory. (^4) Rejection of secondary 
tumor challenge following IL-12 gene therapy. BALB/c mice that rejected Renca or MethA tumors following IL-12 gene therapy were injected 
one month later with 1 x 10* of both Renca cells (circles) and MethA cells (squares) on the right and the left side of abdomen, respectively. As 
a control, the tumor cells were injected into age-matched naive BALB/c mice. Data are presented as the means of five to eight mice per group. 
The experiment was repeated using mice that rejected LS178Y tumors and were secondarily challenged with L5178Y or P815 tumor cells, and simUar 
results were obtained. (B) Induction of CTL activity in mice that rejected tumors following IL-12 gene therapy. Tumor-specific CTL were generated 
\n vitro as described. Mean ± SEM of four mice per group. Spleen cells from IL-12 gene-treated mice generated 3- to 4-fold higher levels of CTL 
activity than spleen cells from naive mice (P < 0.005). 



augment systemic antitumor immune response even against a 
weakly immunogenic tumor, and this can lead to eradication of 
established spontaneous metastases in mice. Therefore, such 
human metastatic cancers as subcutaneous T-cell lymphoma 
or melanoma may provide excellent models for future clinical 
application of the current IL-12 gene therapy approach. 

Immunological Memory in Mice Following IL-12 Gene 
Therajjiy. It has been recently shown that tumor regression 
caused by rIL-12 protein therapy results in development of a 
memory immune response against the tumor (33). We evalu- 
ated if the mice that rejected tumors following the in vivo IL-12 
gene therapy developed tumor-specific immunity. Fig. 5A 
shows that the mice which rejected Renca tumors and were 
tumor-free for 1 month resisted a second challenge with Renca 
cells but developed tumors when challenged with MethA 
tumor cells. Inversily, the mice that rejected MethA tumors 
following IL-12 gene therapy resisted the second challenge 
with MethA cells, but developed tumors when challenged with 
Renca cells. These results demonstrate that mice which re- 
jected their tumors following skin transfection with IL-12 gene 
develop tumor-specific immunological memory against a sec- 
ondary tumor challenge. Furthermore, spleen cells from the 
mice that rejected Renca tumors, in contrast to spleen cells 
from naive mice, exhibited CTL activity upon stimulation with 
Renca cells in vitro (Fig. SB). In a similar study, using mice that 
rejected L5178Y tumors, we found that the generated CTL 
were tumor-specific, in that they lysed the L5178Y target tumor 
cells but not the syngeneic P815 target cells (data not shown). 



Our study shows that gene gun-mediated in vivo delivery of 
an IL-12 expression plasmid into skin tissue overlying tumor 
sites is an effective approach for tumor immunotherapy in 
various murine tumor models, leading to eradication or sup- 
pression of established intradermal tumors and their sponta- 
neous metastases. Remarkably, the local amount of detectable 
IL-12 at the treatment tissue site is 1/400 to 1/40,000 of the 
dosage of rIL-12 protein employed for efficacy studies in the 
same or similar mouse tumor models (5, 6, 33). In view of the 
apparent dose dependent toxicity of human rIL-12 protein in 
clinical trials (8), this dosage difference between the recom- 
binant protein delivered systemically and transgenic protein 
produced via in vivo DNA delh^ery may make the present IL-12 
gene therapy approach more favorable for clinical consider- 
ations. Given the efficacy, simplicity, and potential cost- 
effectiveness of the gene gun-mediated IL-12 gene therapy 
approach, further preclinical development of this approach is 
warranted in order to consider initiation of human cancer 
clinical trials. * 
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Background. Gene guns have been used to transfer 
genes into various organs, but there has been no report of 
successful gene gun-mediated gene transfer into the 
heart. In this study, we assessed the possibility of gene 
therapy using a gene gun and an episomal plasmid 
vector. 

Methods. Gene transfer was performed using two sizes 
of gold particles and two plasmids (an episomal vector 
and a conventional plasmid vector). From the first to 
eighth week after the bombardment, rats were sacrificed. 
The excised hearts were subjected to X-gal staining and 
histologic examination. To ensure that plasmid was not 
distributed to organs other than the heart, the presence of 



the /3'gal sequence was examined by polymerase chain 
reaction analyses. 

Results. Gene expression persisted for 6 weeks. The 
episomal vector apparently contributed to long-lasting 
expression. Infiltration of monocytes or leukocytes was 
very faint. The /3-gal DNA was detected in bombarded 
hearts but not other organs. 

Conclusions, Gene gun-mediated transfer of the episo- 
mal vector into beating heart may provide a simple, 
efficient, and useful strategy for gene therapy. 

(Ann Thorac Surg 2000;70:1332-7) 
© 2000 by The Society of Thoracic Surgeons 



In vivo gene transfer into the beating heart is an 
attractive strategy for gene therapy for cardiovascular 
diseases. Many techniques for gene transfer have been 
reported, including direct injection of naked plasmid 
DNA and infusion of various viral or nonviral vectors. In 
this study, we tested the possibility of direct in vivo 
transfer of plasmid DNA into heart by a gene gun. 

In a gene gun system, micron-sized gold particles are 
coated with plasmid DNA and then accelerated at high 
velocity toward target cells or tissues. Cells penetrated by 
these particles have a high likelihood of being transf ected 
by the DNA thus introduced. Gold and timgsten particles 
are commonly used as the carrier of plasmid DNA. 
Because of the high specific gravity and small diameter, 
these particles easily penetrate into cells. Also, they are 
not cytotoxic. The gene gun was first devised to transfect 
plant cells, the walls of which act as a physical barrier to 
conventional transfection techniques [1]. More recently, 
it was demonstrated that gene transfer into various 
mammalian tissues covdd also be successfully achieved 
by the gene gun. These tissues include liver, skin, skeletal 
muscle [2], and pancreas [3]. To our knowledge, however, 
heart has not yet been targeted. 
We employed an Epstein-Barr virus (EBV)-based epi- 
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somal vector to obtain long-lasting transgene expression 
in vivo. The EBV-based episomal vector is a plasmid 
vector carrying oriP and the EBV nuclear antigen 1 
(EBNAl) gene from EBV. The EBNAl gene facilitates the 
maintenance of the episomes through binding to oriP. 
After being transf ected into human cells, the plasmid 
persists extrachromosomally at low copy numbers owing 
to replication and nuclear retention of plasmid DNA [4]. 

We show here that gene gun-mediated transfer of the 
EBV-based episomal vector into rat heart results in 
long-lasting expression of a marker gene. 

Material and Methods 

Animals and Surgery 

Male Wistar rats were used for this study. All rats were 
between 10 and 12 weeks old. They received humane care 
in compliance with the "Guide for the Care and Use of 
Laboratory Animals" published by the National Insti- 
tutes of Health (National Institutes of Health publication 
86 to 23, revised 1985). After being anesthetized with 
sodium pentobarbital (50 mg/kg, intraperitoneal injec- 
tion), rats were intubated and ventilated with room air. 
An anterolateral thoracotomy was performed at the loca- 
tion of most pronoimced cardiac pulsation and beating 
hearts were exposed. The pericardium was stripped, and 
the right chest and abdomen were pressed to push the 
heart out of the thoracic cavity. After bombardment in 

0003-4975/00/$20.00 
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Fig 1. Plasmids used in this study. Maps of pSES.^ (left) and pS.^ 
(right) are shozvn. (Prom - promoter, polyA = SV40 polyA addi- 
tional signal.) 

the anterior wall of left ventricvilar near the apex, a chest 
tube was placed to drain air and fliiids, and the wound 
was closed in two layers. 

Plasmids 

The plasmid vectors, pSES.jS and pS./B, were previously 
described [5], Briefly, pSES.j3 (Fig 1, left) is composed of 
the Escherichia coli j3-gal gene located between SRa pro- 
moter and the SV40 polyA additional signal, EBV oriP, 
EBV EBNAl gene under control of the SRa promoter, the 
ampicillin resistance gene, and the replication origin for 
E coli. The other plasmid, pS./3 (Fig 1, right), was con- 
structed from pSES.p by deleting EBNAl and oriP. 

Bombardment 

We used a gene delivery system (model TF-1) designed 
by Nihon Medical & Chemical Instruments Co, Ltd, 
(Osaka, Japan). With this device, high-pressure helium 
provides the motive force for gold particles. The size of 
gold particles influences the transduction efBciency as 
well as the degree of tissue damage. Although the larger 
particles reach the deeper layer, cell damage could be 
more serious. Therefore, two sizes of gold particles were 
examined (1.0 Au and 1.5 Au: 1.0 /im and 1.5 /xm in 
diameter, respectively). Supercoiled plasmids were pre- 
cipitated gold particles at a ratio of 20 /xg DNA:5 mg gold 
particles. The DNA-coated particles were suspended in 
500 ethanol, and 20 /xL of the suspension was distrib- 
uted on a 25-mm titanium plate (0.5 -mm thickness). Each 
rat received two consecutive bombardments in the ante- 
rior wall of left ventricular near the apex. The size of 
bombarded area was about 0.5 to 1.0 cm^. The helium 
pressure was set at 1.05 MPa, and the distance between 
the surface of the heart and the titanium plate was 2 cm. 
As a control group, 10 rats (1.0 Au, n = 5; 1.5 Au, n = 5) 
were bombarded with uncoated gold particles. 

Histologic Analysis 

For histologic examination, animals were sacrificed 1, 2, 
3, 4, 6, or 8 weeks after bombardment. An 18-gauge 
catheter was inserted into the abdominal aorta and a 
median sternotomy was performed. After the pulmonary 
artery and inferior vena cava were cut, the heart was 
perfused with 50 mL iced PBS followed by 20 mL 4% 
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paraformaldehyde (PFA) in a retrograde manner using 
this catheter. The hearts were excised, sliced (500 /xm 
thick) by a vibratome slicer (DOSAKA, Kyoto, Japan), 
and reflxed in 4% PFA for 1 hour. After washing three 
times in PBS at room temperature, all sections were 
incubated overnight at 37*C in X-gal staining solution (1 
mg/ml 5-bromo-4-chloro-3-indoyl-j3-D-galactosidase [X- 
gal], 3 mmol/L K4[Fe(CN)6], 3 mmol/L K3[Fe(CN)6], 1 
mmol/L MgClj, and 0.1% Triton X-100 in PBS). After 
being washed in PBS, the samples were refixed overnight 
with 4% PFA at 4°C, dehydrated in ethanol, and embed- 
ded in paraffin. We judged whether the bombarded 
portion of the heart stained blue by microscopic 
observations. 

Polymerase Chain Reaction 

For polymerase chain reaction (PCR) testing, DNA was 
isolated from the lung, brain, liver, spleen, kidney and 
heart of animals 7 days after bombardment. Synthetic 
oligodeoxynucleotide primers were prepared corre- 
sponding to the p-gal gene sequence (sense primer: 
5'-GCC GAC CGC ACG CCG CAT CCA GC-3', anti- 
sense primer: 5'-CGC CGC GCC ACT GGT GTG GGC 
C-3') [6]. The reaction mixture consisted of 1 mg DNA, 1.5 
mmol/L MgClz, 2 mmol/L dNTP, 0.5 M^mol/L of each 
oligonucleotide primer, and 2.5 U of Taq DNA polymer- 
ase (Amersham Pharmacia Biotech Ltd, Uppsala, Swe- 
den). As positive controls, 5 ng pS./3 and pSES./3 were 
also tested. The reaction was performed by Gene Amp 
2400 (Perkin Elmer, Norwalk, CT). The amplification 
profile consisted of 25 cycles of denaturing at 98°C for 15 
seconds, annealing at 65®C for 2 seconds, and extension 
at 74° C for 30 seconds. PCR products were analyzed by 
polyacrylamide gel electrophoresis. 

Results 

Bombardment Did Not Affect Rat Survival 

We used 133 rats in this study. All rats survived surgery 

and bombardment procedures, with the exception of 3 

rats in early experiments that died of respiratory failure 

within a few hours after surgery. The remaining rats were 

maintained on a normal diet until subsequent steps in 

experiments. 

Prolonged Expression of ^-Gal in Heart Transduced 
With EBV-Plasmid by Gene Gun 

Two sizes of gold particles and two plasmids (pSES.^ and 
pS.jS) were employed (Fig 1), One hundred and twenty 
rats were divided into four groups, with each group of 
rats receiving a different combination of plasmid/gold 
particle (pS./3/1.5 Au, n = 30; pSES./3/1.5 Au, n = 30; 
pS./3/l.O Au, n = 30; and pSES./3/l.O Au, n = 30). Five rats 
of each group were sacrificed 1, 2, 3, 4, 6, and 8 weeks 
after bombardment, and their hearts were subjected to 
X-gal staining and histologic examination. 

Seven days after the bombardment, cardiomyocytes in 
the bombarded portion in all hearts stained blue (Fig 2). 
The staining layer in bombarded heart was within 1 mm 
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Fig 2. X-gal staining of ihe bombarded heart Rat hearts were bombarded vnth 1.0 Au (A, B, E, and F) or 1.5 Au (Q D, G, and H) gold particles 
coated imih pSES.^ (A, C, E, and G) or pS.fi (B, D, F, and H), Seven days (A-D) or 4 lueeks (Er-H) later, rats were sacrificed and the hearts were 
excised. The hearts were cut into pieces and subjected to X-gal staining as described in Material and Methods. The bar indicates 500 pm. 
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Table 1. Period of Gene Expression 



Plasmid 


Gold Particle 


1 Week 


2 Weeks 


3 Weeks 


4 Weeks 


6 Weeks 


8 Weeks 


pSES.^ 


1.5 Au 


5/5" 


5/5 


5/5 


5/5 


0/5 


0/5 


pS./3 


15 Au 


5/5 


5/5 


5/5 


1/5 


0/5 


0/5 


pSES.jS 


1.0 Au 


5/5 


5/5 


5/5 


5/5 


5/5 


1/5 




1.0 Au 


5/5 


5/5 


5/5 


5/5 


1/5 


0/5 



' Number of X-gal positive hearts/number of tested hearts. 



depth from the surface. Gene expression persisted for 3 
weeks (pS.j3/1.5 Au), 4 weeks (pSES./3/1.5 Au and pS.jS/l.O 
Au), or 6 weeks (pSES./3/l.O Au; Table 1). The hearts of 
control rats (1.5 Au, n = 5; and 1.0 Au, n = 5) did not stain 
at all (data not shown). Transfection with an EBV-based 
episomal vector resulted in more sustained expression of 
the marker gene than that with a conventional, non-EBV 
plasmid vector, provided that gold particles of the same 
size were employed. On the other hand, when the same 
plasmid was transfected, 1.0 Au was more effective than 
1.5 Au, in terms of longevity of gene expression. The 
combination of 1.0 Au and pSES./3 yielded the most 
prolonged expression in this study. E6V episomal vector 
apparently contributed to long-lasting expression of 
P-gal expression. 

On histologic examination, many cardiomyocytes in 
the surface layer stained blue, while few cells stained in 
deep layers (Fig 2, Fig 3). Probably, DNA-coated gold 
particles could not reach the deep layers. Some cardio- 
myocytes carrying DNA-coated gold particles were ob- 
served (Fig 3C and D). 

Vector DNA Detected in Bombarded Heart but Not in 
Other Organs 

To ensure that plasmid was not distributed to organs 
other than the heart under the experimental protocol, we 




B 



Fig 3. Microscopic observation of bombarded heart stained with X- 
gal. Rats hearts were bombarded mth 1.0 Au (A and B) or 1.5 Au 
(C and D) gold particles coated with pSES.^ (A and C) or pS.fi (B 
and D), and 3 weeks later, rats were sacrificed and the hearts were 
excised. The heart sections were subjected to X-gal staining and 
Kemechtrot staining so that nucleus stained pink. The arrow indi- 
cates gold particle. Magnification X 400, A-Q X 200, D. 



performed PGR and examined the presence of the |3-gal 
sequence. DNA was prepared from the lung, brain, liver, 
spleen, kidney, and heart of rats in each group sacrificed 
7 days after bombardment. The /3-gal sequence was 
detected in bombarded heart but not in other organs or 
control heart (Fig 4). These findings indicated that the 
plasmid DNA was present exclusively in the heart. 

Comment 

In the present study, we showed that plasmid DNA can 
be introduced into cardiomyocytes using a gene gun and 
that transfer of the EBV-based episomal vector results in 
long-lasting gene expression in vivo. To our knowledge, 
this is the first study showing that in vivo gene transfer 
into heart can be achieved by a gene gun. 

Various gene transfer vectors and delivery methods 
have been devised to transfer genes into the hear^ 
including direct injection of naked DNA into heart mus- 
cle [7], infusion of HVJ-liposomes [8] or cationic lipo- 
somes [9] into coronary artery, and injection of HVJ- 
liposomes into pericardium [10]. Particle-mediated gene 
transfer has several advantages over other methods. 
First the gene gun is a nonviral vector. Side effects 
associated with viral vectors (e^ generation of aberrantly 
recombinant, replication-competent viruses) can be 
avoided. Second, this technique may allow expression of 
foreign genes in a wide variety of cell types, including 
terminally differentiated nondividing cells. Third, it can 
transfer as large a quantity of DNA as can be carried by 



M123456789 10 11 12 




bp 



-1036 



Fig 4. Polymerase chain reaction (PCR) armlyses of DNA from vari- 
ous organs. DNA was prepared from the lung (lane 1), brain (lane 
1), liver (lane 3>, spleen (lane 4), or kidney (lane 5) of a rat whose 
heart was bombarded xoith pSES.fi/1.0 Au. DNA was also prepared 
firm hearts bombarded with pS.p/1.5 Au dane 6), pSES.fi/1.5 Au 
aane 7), pS.fi/tOAu dane 8), pSES.fi/l.OAu (lane 9), or 1.0 Au 
alone (lane 10). As positive controls, 5 ng pS.fi (lane 11) and 
pSES.fi (lane 12) were also tested. PCR was performed using fi-gal 
specific primers as described in Material and Methods. (M = molec- 
ular weight marker.) 
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gold particles. Using submicrogram quantities of DNA 
per bombardment, 1,000 to 10,000 copies of DNA can be 
delivered into each target cell [11], Fourth, genes can be 
introduced exclusively into the bombarded region with- 
out being redistributed to other organs. 

In particle-mediated transfer, micron-sized gold parti- 
cles are coated with DNA and accelerated at high velocity 
toward target cells or tissues. The process may not 
depend on particular biochemical structure or physical 
feature of the target cell membrane like liposome/DNA 
complex-mediated gene transfer [11]. It may be possible 
to employ a gene gun to transfect cells that are relatively 
resistant to other delivery systems. For example, it is 
difficvilt to transfer genes into infarct areas by coronary 
infusion, whereas our delivery method may pennit peri- 
operative gene transfer into such areas. 

In a previous study, we transfected rat cardiac graft ex 
vivo v^th replication-incompetent adenovirus vector by 
coronary infusion [12]. After transplantation, massive 
infiltration of leukocytes was observed close to the trans- 
gene-positive cells. It was difficult to avoid the immune 
responses against the viral vector. In the present study, 
however, infiltration of monocytes or leukocytes was very 
faint, if any (Fig 3). No cell damage or inflammatory 
response was demonstrated by a histologic survey. This 
is another advantage of gene gun-mediated gene 
transfer. 

We consider that the present method may be useful in 
treating severe ischemic heart disease by transferring 
genes to promote angiogenesis, such as basic fibroblast 
growth factor (bFGF) [13], vascular endothelial growth 
factor (VEGF) [14], and hepatocyte growth factor (HGF) 
[15] genes. For patients suffering from severe ischemic 
heart disease resistant to conventional therapy, 
transmyocardial laser revascularization (TMLR) is useful. 
TMLR not only increases the supply of oxygenated blood 
to the myocardium via left ventricular transmural chan- 
nels but also induces angiogenesis. If gene gun-mediated 
transfection of angiogenesis factor genes can be com- 
bined with TMLR, angiogenesis may be more efficiently 
promoted by synergistic action of two systems. More- 
over, TMLR may enable gene gun to transfect cells in 
deeper layers. The combination may greatly contribute to 
the treatment of patients with various heart diseases, 
especially severe ischemic heart disease. On the other 
hand, a gene gun may be equipped on a tip of catheter. 
Such a device may be feasible for the gene therapy 
against the coronary stenosis, as well as for endocardial 
delivery. 

We previously demonstrated high transfection effi- 
ciency with EBV-based episomal vectors into various 
human Ijonphoma cell lines [16-18], hepatoceUular car- 
cinoma cell lines [19], primary fibroblasts from skin, bone 
marrow cells [5], and peripheral blood CD34'*^ cells [20], 
Recently, we have also reported that high transient 
expression was observed in rat heart injected with naked 
EBV-based plasmid DNA [21]. In the present study, we 
found that transfection with the EBV-based episomal 
vector results in more prolonged gene expression in 
rodent cells than that with conventional plasmid vector. 



This is compatible with earlier finding by Saeki and 
coworkers [22] who reported sustained expression of a 
marker gene in rat liver injected with EBV-based episo- 
mal vector by means of the hemagglutinating virus of 
Japan (HVJ)-liposome [22], By our hands, the gene gun 
was more efficacious than naked plasmid injection. We 
have two reasons for this high efficiency. First, we em- 
ployed an episomal plasmid. Second, the gene gun- 
mediated delivery system enables transfer of the plas- 
mid-coated particles into the nucleus, whereas direct 
injection of plasmid allows penetration of DNA into 
cytoplasm but not nucleus. 

Direct in vivo gene transfer into heart is an attractive 
strategy for gene therapy. Particle-mediated gene trans- 
fer technology provides a physical means of DNA deliv- 
ery, and the EBV-based episomal vector contributes to 
stronger and more long-lasting expression. Our findings 
suggest that the combination of the gene gun and EBV- 
based vector may be useful for gene therapy of cardio- 
vascular diseases. 
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New Requirements for Recertification/Maintenance of 
Certification in 2001 



Diplomates of the American Board of Thoracic Surgery 
v^ho plan to participate in the recertification/ 
maintenance of certification process in 2001 should pay 
particular attention to this notice because the require- 
ments have changed. 

In addition to an active medical license and institu- 
tional clinical privileges in thoracic surgery, effective in 
2001, a valid certificate is an absolute requirement for 
entrance into the recertification/maintenance of certifica- 
tion process. If your certificate expired, the only pathway 
for renewal of a certificate will be to take and pass the 
Part I (written) and the Part II (oral) certifying examina- 
tions. 

In 2001, the American Board of Thoracic Surgery wiU 
no longer publish the names of individuals who have not 
recertified. In the past, a designation of "NR" (not recer- 
tified) was used in the American Board of Medical 
Specialties directories if a Diplomate had not recertified. 
The Diplomate's name will be published upon successful 
completion of the recertification/maintenance of certifi- 
cation process. 

The CME requirements have also changed. The new 
CME requirements are 70 Category I credits in either 
cardiothoracic surgery or general surgery earned during 
the 2 years prior to application. SESATS and SESAPS are 
the only self-instructional materials allowed for credit. 
Category II credits are not allowed. The Physicians Rec- 
ognition Award for recertifying in general surgery is not 
allowed in fulfillment of the CME requirements. Inter- 
ested individuals should refer to the 2001 Booklet of 
Information for a complete description of acceptable CME 
credits. 



Diplomates should maintain a documented list of their 
major cases performed during the year prior to applica- 
tion for recertification. This practice review should con- 
sist of 1 year's consecutive major operative experiences. 
If more than 100 cases occur in 1 year, only 100 should be 
listed. 

Candidates for recertification/maintenance of certifica- 
tion will be required to complete both the general tho- 
racic and the cardiac portions of the SESATS self- 
assessment examination. It is not necessary for 
candidates to purchase SESATS individually because it 
wUl be sent to candidates afier their application has been 
approved. 

Diplomates may recertify the year their certificate 
expires, or if they wish to do so, they may recertify up to 
two years before it expires. However, the new certificate 
will be dated 10 years from the date of expiration of their 
original certificate or most recent recertification certifi- 
cate. In other words, recertifying early does not alter the 
10-year validation. 

Recertification/maintenance of certification is also 
open to Diplomates v^th an unlimited certificate and will 
in no way affect the validity of their original certificate. 

The deadline for submission of applications for the 
recertification/maintenance of certification process is 
May 1 each year. A brochure outlining the rules and 
requirements for recertification/maintenance of certifica- 
tion in thoracic surgery is available upon request from 
the American Board of Thoradc Surgery, One Rotary 
Center, Suite 803, Evanston, IL 60201; telephone number 
(847) 475-1520; fax: (847) 475-6240; e-mail: abts^ 
evanston@msn.com. 
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In vivo cytokine gene transfer by gene gun reduces tumor growth 
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ABSTRACT Implantation of tumor cells modified by in 
vitro cytokine gene transfer has been shown by many investi- 
gators to result in potent in vivo antitumor activities in mice. 
Here we describe an approach to tumor immunotherapy 
utilizing direct transfection of cytokine genes into tumor- 
bearing animals by particle-mediated gene transfer. In vivo 
transfection of the human interleukin 6 gene into the tumor 
site reduced methylcholanthrene-induced fibrosarcoma 
growth, and a combination of murine tumor necrosis factor a 
and interferon y genes inhibited growth of a renal carcinoma 
tumor model (Renca). In addition, treatment with murine 
interleukin 2 and interferon y genes prolonged the survival of 
Renca tumor-bearing mice and resulted in tumor eradication 
in 25% of the test animals. Transgene expression was dem- 
onstrated in treated tissues by EUSA and immunohistochem- 
ical analysis. Significant serum levels of interleukin 6 and 
interferon y were detected, demonstrating effective secretion 
of transgenic proteins from treated skin Into the bloodstream. 
This in vivo cytokine gene therapy approach provides a system 
for evaluating the antitumor properties of various cytokines in 
different tumor models and has potential utility for human 
cancer gene therapy. 



In situ secretion of certain cytokines by genetically modified 
tumor or immune system cells can induce inflammatory 
and/or immune responses which inhibit the growth of certain 
transplantable tumors. Transgenic cytokines including inter- 
leukin 2 (lL-2), IL-4, IL-6, tumor necrosis factor a (TNFa), 
interferon y (IFNy), and granulocyte/macrophage-colony- 
stimulating factor have been effective in mediating either 
T-cell-dependent or inflammatory responses leading to tumor 
regression or rejection (1-6). Mice treated with cytokine- 
gene-modified tumor cells often rejected subsequent chal- 
lenges with unmodified tumor cells (4-6). Several clinical 
trials have been initiated involving use of cytokine-gene- 
modified autologous tumor cells (7, 8) or tumor-infiltrating 
lymphocytes (9, 10) for treatment of patients with advanced 
cancers. 

Here we describe an in vivo cancer gene therapy approach 
in which cytokine genes are introduced into tumor-bearing 
animals by Accell (Agracetus) particle-mediated gene transfer 
(11-13). This technology utilizes an adjustable electric dis- 
charge to generate a shock wave which accelerates DNA- 
coated gold particles into target cells or tissues, resulting in 
gene transfer. When compared with other gene delivery 
methods such as lipofection, calcium phosphate precipitation, 
or electroporation, the particle-mediated, or "gene gun," 
technique can achieve up to 100-fold higher transgene expres- 
sion levels ex vivo or in vitro (11, 12). This method has 
previously allowed highly efficient gene transfer to skin and 
liver tissues of live animals (13). In this study, we have 
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developed an in vivo gene therapy system by delivering cyto- 
kine genes directly into tumor-bearing animals. This in vivo 
and in situ gene transfer protocol is designed to bypass the ex 
vivo gene transfer approach commonly employed in previous 
cancer gene therapy studies. 

With this strategy, we investigated several cytokines previ- 
ously reported to have antitumor effects in defined animal 
models, including IL-2, IL-6, TNFa and IFNy. Among a wide 
array of functions, IL-6 probably serves most importantly as a 
mediator of inflammation (14). Antitumor activity against 
several murine tumor cell lines has been described (15). Also, 
IL-6 gene-transfected tumor cells have been shown to have 
slower growth or reduced tumorigenicity (16, 17). IFNy plays 
a key role in the host response to virus or antigen stimulation 
and enhances monocyte and natural killer cell hinction (18). It 
can exert direct antitumor activity and modulate immune 
responses by mediating delayed-type hypersensitivity, increas- 
ing expression of major histocompatibility complex-encoded 
antigens on tumor cells, and enhancing tumor cell suscepti- 
bility to lysis (18, 19). In addition, IFNy gene-transfected 
tumor cells have been shown to exhibit reduced tumorigenicity 
(20, 21). The antitumor activities of TNFa have also been well 
documented. Produced by tumor-infiltrating lymphocytes and 
activated macrophages, it activates cytotoxic T cells and nat- 
ural killer cells (4). TNFa gene-modified tumor cells have also 
been demonstrated to have reduced tumorigenicity (22, 23). 
Although it has potent antitumor activity, systemic adminis- 
tration of TNFa causes severe toxicity (24). As a result, TNFa 
gene-transfected tumor-infiltrating lymphocytes or tumor cells 
have been injected to delh^er a high local concentration of the 
cytokine for induction of inmiune responses (24). IL-2 is 
known to exert antitumor activity through specific cytotoxic T 
lymphocytes (25). IL-2 gene-transduced tumors have been 
demonstrated to attract infiltrating T lymphocytes (26) and 
can elicit a systemic immune response (27). It is believed that 
CDS'*' cells are the major IL-2-activated effector cells (25), 
although recent studies have shown that natural killer cells also 
play a critical role in rejecting IL-2-producing tumors (28). 

We report here that efficient in vivo transgenic cytokine 
expression and positive antitumor effects were systematically 
obtained from human IL-6 (hIL-6), TNFa, murine IFNy 
(mIFNy), and mIL-2 gene treatments. This gene transfer 
system allows evaluation of the antitumor effects of various 
cytokines against different tumor types in vivo and measure- 
ment of the pharmacological kinetics of transgenic cytokine 
expression. Potential application of this system to gene therapy 
of human cancers is discussed. 

MATERIALS AND METHODS 

Cytokine Genes and Expression Plasmids. BCMGIL-6 and 
BCMGIL-2, containing a hIL-6 or mIL-2 cDNA cloned into a 

Abbreviations: IL, interleukin; IFNy, interferon y, TNFa, tumor 
necrosis factor a; prefix m, murine; prefix h, human. 
tPresent address: Department of Dermatology, Children's Memorial 
Hospital, 2300 Children's Plaza/lO?, Chicago, IL 60614. 
^To whom reprint requests should be addressed. 



2889 



2890 



Medical Sciences: Sun et al 



Proc Natl Acad. ScL USA 92 (1995) 



BCMG-neo expression vector (17), were kindly provided by 
Drew Pardoll, Johns Hopkins University, Baltimore, MD. The 
0-galactosidase gene in pCNfV/3 (Clontech) was replaced with 
cDNA encoding hTNFa, mTNFa (R&D Systems, Minneap- 
olis), or mlFNy (kindly provided by G. Opdenakker, Rega 
Institute, Leuven, Belgium) to create pCMVhTNF, pCMV- 
mTNF, and pCMVmlFN, respectively. BCMGneo or pCMV- 
luc (13) was used as the control vector as appropriate. 

Tumor Cell Lines and Subcutaneous Tumors. The SPl 
methylcholanthrene-induced fibrosarcoma (29) and Renca 
renal carcinoma cell lines (kindly provided by Robert Wiitrout, 
National Cancer Institute, Frederick Cancer Research and 
Development Center, Frederick, MD) were maintained in 
RPMI 1640 (BioWhittaker) supplemented with 10% fetal 
bovine serum, 2 mM glutamine, 1 mM sodium pyruvate, 1% 
minimal Eagle's medium nonessential amino acids, and gen- 
tamicin at 50 ^g/tnL Animal use was performed under pro- 
tocols approved by the Institutional Animal Care and Use 
Committee. For induction of tumors, 6- to 8-week-old female 
C57BL/6 or BALB/c mice (Harlan-Sprague-Dawlev) were 
injected subcutaneously on the abdomen with 1 x 10^ SPl or 
Renca cells, either 1 or 5 days prior to the first DNA treatment. 

in Vivo Gene Transfer. Plasmid DNA was purified on 
Qiagen columns (Qiagen, Chatsworth, CA), precipitated onto 
gold particles (1-3 ^m) at a density of 2.5 /ig of DNA per mg 
of particles, and evenly distributed onto a Mylar sheet (1.8 X 
1.8 cm^; 0.1 mg of particles j>er cm^) as described (30). For 
cotransfection experiments, two separate cytokine gene plas- 
mid preparations were mixed and coprecipitated onto the gold 
particles at a dosage of 1.25 fig of each plasmid per mg of gold 
particles. Mice were placed on the Accell device (Agracetus) 
with the target tissues in the path of the particles. Particles 
were then accelerated by a 20-kV electric discharge, resulting 
in delivery of the DNA-laden particles to the target tissue. 

Cytokine Tumor Gene Therapy Protocol. Established mu- 
rine tumor cell lines were inoculated subcutaneously into the 
appropriate mouse host strain on the indicated days prior to 
the onset of treatment. After the mice were anesthetized by 
intraperitoneal injection of ketamine (80 mg/kg) and xylazine 
(20 mg/kg), the surgically exposed tumor site and/or the 
epidermis overlaying the transplanted tumors was treated in 
situ with test cytokine genes or control DNA. Each treatment 
with DNA-coated gold particles delivered 0.8 /ig of plasmid 
DNA per site. In experiments where the tumor was directly 
exposed to the accelerated particles, a 2-cm incision was made 
near the tumor site, the subcutaneous tissue was exposed, and 
test or control plasmid DNA was delivered into the dermis 
layer at the site of tumor cell injection. The incision was closed 
with stainless steel clips, and the epidermal tissue overlaying 
the injected tumor cells was bombarded with the DNA-coated 
particles. Four to five subsequent epidermal transfections were 
performed on alternate days in all experiments. In experiments 
testing the effects of cytokine gene transfer to the epidermis 
directly over the subcutaneous tumot, particle-mediated gene 
delivery was performed four or five times at 1- to 2-day 
intervals as indicated for specific experiments. Antitumor 
effects were measured 2 weeks (Renca) or 3 weeks (SPl) after 
the first treatment. The mice were euthanized, the tumors 
present were excised and weighed, and the average tumor 
weight in the test and control groups was determined. For 
survival analysis, mice were sacrificed when tumors reached a 
predetermined size (^100 mm^), or earlier if the tumor had 
erupted through the skin. 

ELISAs and Immunoperoxidase Staining for Cytokines. 
Transfected tissues were homogenized and centrifuged, and 
the supernatants were analyzed by an ELISA specific for hIL-6 
(R&D Systems), human TNFa (Biosource, Camarillo, CA)^ 
mTNFa (Endogen, Cambridge, MA), or mIFN7 (Genzyme, 
Boston, MA). Twenty-four hours following gene transfer, 
tissues at the target sites (1-2 cm^) were excised and fixed for 



1 hr with 4% paraformaldehyde in 0.1 M phosphate buffer (pH 
7.4). The tissues were then dehydrated in a graded series of 
ethanol and embedded in paraffin. Thin (S-jiun) tissue sections 
were deparaffinized and incubated for 30 min with polyclonal 
rabbit anti-recombinant hIL-6 or anti-recombinant hTNFa 
antibodies (Genzyme). To eliminate crossreactivity with 
mIL-6 or mTNFa, primary antibodies were first incubated 
overnight in supernatant mediiun from lipopolysaccharide- 
stimulated mouse bone marrow cells. Sections were washed 
with 0.05 M Tris, pH 7.5/10% ethanol/0.25% Tween 20 and 
incubated with biotinylated goat anti-rabbit IgG for 30 min. 
After washing, ABC-peroxidase reagent was applied (Vector 
Laboratories) and avidin-biotin immunocomplexes were vi- 
sualized with metal-enhanced diaminobenzidine and hydrogen 
peroxide (Pierce). 

RESULTS AND DISCUSSION 

Antitumor effects and transgene expression levels of three sets 
of cytokine genes were evaluated in the present gene therapy 
study, utilizing a particle-mediated technique for in vivo gene 
transfer. These cytokine genes, including IL-6, IFN7, TNFa, 
and IL-2, were initially selected for their reported antitumor 
effects in specific mouse tumor models and were later found 
in preliminary screening (data not shown) to confer an ap- 
parent antitumor activity. Systematic experiments using these 
cytokines were then executed, with the results described below. 

IL-6. Data from several independent experiments showed 
that subcutaneous methylcholanthrene-induced fibrosarcoma 
(SPl) tumors exhibited a reduced growth rate when tumor- 
bearing mice were treated with hIL-6 DNA, compared with 
cohorts that received a control DNA vector (Fig. lA). In initial 
experiments, both epidermal and dermal tissues surrounding 
the inoculated tumor were treated. Later experiments showed 
that epidermal transfections alone resulted in a similar reduc- 
tion in tumor growth (Fig. 1^), and that the majority of hIL-6 
expression resulted from epidermal gene delivery (Fig. ID). 
At the discharge voltages used in this study, DNA-coated gold 
particles effectively transfect epidermal tissues; however, par- 
ticle penetration to the subcutaneous tumor cells is limited. 
Thus, these findings suggest that localized expression of hIL-6 
by nearby normal tissues plays a key role in the antitumor 
response. When the epidermal DNA treatments were initiated 
5 days after tumor cell inoculation, a similar level of tumor 
growth reduction was observed (50%), suggesting that in vivo 
transfection with the hIL-6 gene is effective against established 
tumors. 

Histology of the bombarded tissues revealed that the gold 
particles penetrated three to five cell layers and were primarily 
located in the skin tissue peripheral to the tumor mass. 
Immunohistochemistry with an antibody specific for hIL-6 
distinctly showed transgenic hIL-6 expression by squamous 
cells in the epidermal layer (Fig. 2 Upper), To measure the level 
of transgenic IL-6 production, serum samples, tumors and 
nearby tissues were collected from in vivo transfected mice 
following euthanization. Two days after transfection, IL-6 
levels reached 40 pg/ml in serum (Fig. IC) and remained at 
detectable levels (1-5 pg/ml) for up to 7 days as measured by 
ELISA. The tumor and associated skin tissue extracts con- 
tained much higher levels of IL-6, ranging from 200 to 600 
pg/ml (Fig. ID). Thus, high levels of hIL-6 were expressed 
locally and in serum, compared with the mean physiological 
concentration of IL-6 in human serum, 1.6 pg/ml (31). The 
high-level, localized transgene expression apparently creates a 
cytokine protein gradient from which the transgenic hIL-6 can 
dissipate into the blood stream via diffusion. Although in the 
present experiments the mechanism by which IL-6 suppresses 
tumor growth is not quite clear, both cytotoxic T-cell and 
inflammatory responses have been previously demonstrated 
(32). 
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Fig. 1. In vivo expression and antitumor effects of a hIL-6 transgene in the mouse fibrosarcoma tumor (SPl) model. {A) Particle-mediated gene 
transfer of hIL-6 DNA to dermal and epidermal tissues overlaying a subcutaneous tumor results in reduction of tumor growth. The tumor reduction 
effect from one representative experiment is depicted; two other independent experiments showed similar results. Bars, average tumor weight; filled 
squares, individual tumor weights. (B) Bombardment of epidermal tissue alone results in similar antitumor effects. (C) Expression of transgenic 
hIL-6 protein in bombarded mouse skin and tumor tissues determined upon euthanization. Derm, dermis; Epid, epidermis. (D) Detection of 
transgenic hIL-6 protein in the circulation of test animals. Serum samples were obtained prior to and 1 week after the hIL-6 gene treatment regime 
was completed. 



IFNy plus TNFo. Cotransfection of IFNy and TNFa genes 
in vivo by particle bombardment resulted in a drastic reduction 
of subcutaneous Renca tumor growth (Fig. 3 A and B). Three 




Fig. 2. Immunoperoxidase staining of transgenic hIL-6 (Upper) 
and hTNFa (Lower) proteins expressed in bombarded skin tissues 24 
hr after in vivo transfection with the corresponding cDNAs. 



experiments, each with 11 or 12 animals per treatment set, 
showed highly reproducible effects. Compared with controls, 
average tumor weights excised from mIFNy/hTNFa-treated 
animals were reduced by 42%, 48%, and 69% (one-tailed 
aggregate P value < 0.002). As in the IL-6 experiments, we 
found that epidermal gene deliveries alone resulted in a 
reduction of tumor growth (Fig. 2B). Results of three inde- 
pendent mIFNy/mTNFa experiments showed average tumor 
weight reductions of 58%, 69%, and 87% (one-tailed aggre- 
gate P value < 0.001). Also, mIFNy/mTNFa gene treatments 
initiated 5 days rather than 1 day after tumor cell inoculation 
also resulted in a 35% reduction in average tumor weight 
(one-tailed P value = 0.06, n = 10). Tissue and serum collected 
for cytokine measurements 24 hr after transfection contained 
high levels of transgenic IFN7 and TNFa (Fig. 3 C and D). 
Circulating IFN7 levels in the test animals were 186 pg/ml 
compared with <1 pg/ml in the controls, which is significantly 
higher than the normal physiological concentration of IFNy in 
human serum, <10 pg/ml (33). 

Immunohistochemical analysis revealed that transgenic 
hTNFa was produced by the epidermal squamous cells (Fig. 2 
Lower). Since the three cytokines studied here showed high 
expression levels and similar immunohistochemical staining 
patterns, these studies confirm that particle-mediated gene 
transfer is a highly efficient technology for expression of 
transgenic cytokines in vivo. 

IL-2 plus IFNy. The effects of mIL-2/IFN7 cytokine gene 
therapy on the survival of tumor-bearing mice were examined. 
Renca tumor-bearing mice treated with a combination of 
murine IL-2 and IFNy genes had significantly increased sur- 
vival compared with mice that received a control vector (Fig. 
4). In the two experiments shown, 25% of the treated animals 
remained tumor-free (>60 days), demonstrating that strong 
immune and/or inflammatory responses capable of eradicat- 
ing the tumor were induced. 

In this study we evaluated an alternative approach for 
expression of cytokine transgenes both locally and systemically 
in tumor-bearing animals. Using two distinct tumor systems, 
we demonstrated that IL-6 was effective in reducing SPl 
fibrosarcoma growth and that both TNFa/IFNy and IL-2/ 
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Fig. 3. Antitumor effects mediated by in vivo cotransfection of IFN7 and TNFa genes in a mouse Renca tumor model. Average and individual 
tumor weights measured 14 days after the first gene delivery are depicted. Bars, average tumor weight; filled squares, individual tumor weights. 
Each set consisted of 12 mice. Qi) Tumor reduction effect measured after one dermal and fhre epidermal treatments with hTNFa and mIFNy 
expression plasmids or with control DNA (pCMVluc). Two other independent experiments showed similar results. (B) Increased effectweness of 
the murine TNFa gene. In these experiments, mice were treated with five epidermal cotransfectlons of mTNFa and mIFNy genes. (C and D) 
Transgenic cytokine expression in serum and transgenic skin tissues, respectively, collected 24 hr after a single epidermal tramfection. ELISAs 
were performed with commercial kits. 



IFNy gene combinations inhibited Renca tumor growth. In 
addition, IFN7/IL-2 gene cotransfection resulted in signifi- 
cantly extended survival of Renca tumor-bearing mice. How- 
ever, when tested with the current treatment regimen, a murine 
IL4 gene construct did not affect the growth of Renca tumors 
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FkG. 4. Kaplan and Meier plots of the cumulative percent survival 
of Renca tumor-bearing mice bombarded with mIFNy and mIL-2 
genes (O) or pCMVluc as a control (•). Mice were euthanized when 
the tumor exceeded 1 cm in diameter or erupted through the skin; the 
interval between tumor cell injection and euthanization is used as the 
indWidual survival time. Epidermal bombardments with mIFN7 and 
mIL-2 genes were as described in Figs. 1 and 3. Two independent 
experiments (A and B) measuring survhral times showed statistically 
significant differences (it = 12, P £ 0.005, Wilcoxon rank-sum test) 
between treated and control animals. 



(data not shown). This indicates that the current in vivo gene 
transfer approach, which results in cytokine secretion in a para- 
crine fashion, may be effective for certain cytokines but not for 
others. The efficient in vivo production of cytokines that can be 
achieved by the procedures defined in this study will allow a 
systematic evaluation of the antitumor activities of additional or 
newly identified cytokine genes. 

In conclusion, this experimental timior gene therapy system 
allows cytokine genes to be delivered to specific tissues in vivo, 
creating high peritumoral cytokine concentrations without 
apparent systemic toxicity. Particle-mediated gene transfer 
methods are minimally or not dependent on the specific 
characteristics of the target cell or tissue, since they deliver 
DNA via a physical force. We therefore suggest that there is 
potential utility of particle-mediated gene transfer for human 
cancer gene therapy. Although the underlying mechanisms 
involved remain to be determined, it is plausible that expres- 
sion of certain cytokines in the tumor microenvironment 
mediates a localized or regional immune response which 
ultimately inhibits tumor growth. 
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